In the gallbladders of the guinea pig and mouse, the localizations and histochemical properties of certain connective tissue antigens were studied by means of indirect immunoperoxidase methods in light microscopy. These antigens were types I, III and IV collagens and fibronectin.
The results obtained
show that the four antigens exhibited such histochemical natures as are characteristic to each of them. The histophysiological significances of these antigens are discussed with special reference to the known physiological functions of the gallbladder to regulate biliary pressure throughout the bile drainage system of mammals.
One of the primary physiological functions performed by the mammalian gallbladders is to control the hydrostatic pressure of the bile running through the bile drainage system (10, 19, 22) . The mechanical architecture of the gallbladder is believed to be closely correlated with such a function. In mammalian gallbladders, an important mechanical architecture is known to consist of connective tissues involved in the lamina propria, tela submucosa, muscular coat and external layer of the organ (10, 19) . However, little information is available as to the histochemistry of connective tissues involved in the walls of mammalian gallbladders, except for the pyroninophylia of elastic fibers in human gallbladders (19) , neutral and acidic glycoproteins and proteoglycans of connective tissue cells, fibers and matrices in mammalian gallbladders (19) , cholesterol of subepithelial connective tissues in human gallbladders (2) and IgA, IgM or IgG-containing cells in the mucous connective tissues of normal and inflamed human gallbladders (5) .
In the present study, attempts have been made to investigate the histochemical localizations and properties of connective tissue antigens such as collagens and fibronectin in the gallbladders of two mammalian species (guinea pig and mouse). In view of the important physiological roles played by these functional proteins for the mechanical architecture of connective tissues (6, 7, 14, 15, 20) , the results obtained in the present study are thought to provide basic and important data, which are indispensable for thorough recognition of the control mechanism of hydrostatic pressure in the mammalian bile drainage system performed by the relevant gallbladders. Histology of the gallbladder in the guinea pig and mouse In the guinea pig, the walls of the gallbladder consisted of three layers, the mucous membrane, muscular layer and external layer, as revealed by the HE stained preparations (Fig. 1) . The mucous membrane was of two coats, the lining epithelium (a single layer of columnar cells) and lamina propria, whereas any distinct tela submucosa was lacking (Fig. 1) . In the lamina propria, relatively abundant blood vessels were involved. The muscular layer was composed primarily of strands of smooth muscle cells intermingled with relatively abundant connective tissue cells and fibers and deserved the name of a fibromuscular coat (Fig. 1) . Outside of the muscular layer was situated an external layer of connective tissue natures containing large blood and lymph vessels (Fig. 1) .
MATERIALS AND METHODS
In the mouse, the walls of the gallbladder were found to be more or less comparable in structural architectures to those in the guinea pig (Fig. 2) . The walls consisted of three layers, the mucous membrane, muscular layer and external layer, and each layer contained histological structures which were largely comparable in quality and quantity to those in the guinea pig gallbladder (Fig. 2) . In the mouse, however, the gallbladder walls were apparently smaller in thickness than those in the guinea pig, and none of the three layers involved was pronounced in thickness, as compared with that of the guinea pig gallbladder (Fig. 2) . Immunohistochernistg of the gallbladder in the guinea pig
In the gallbladder of the guinea pig, there were relatively few C-I reactive histological structures in the superficial lamina propria and the muscular coat, whereas they were distinct in the deep lamina propria and much more distinguished in amount and reactivity in the external layer (Fig. 3) mucous membrane was nearly devoid of C-I reactive structures (Fig. 3) . In the guinea pig gallbladder, C-III reactive histological structures were more or less comparable in distribution patterns to those that were C-I reactive; the C-III reactive structures were indistinct in amount in the muscular layer, whereas the amount was pronounced in the external layer (Fig. 4) . In both the superficial and deep laminae propriae, however, C-III reactive histological structures were uniformly pronounced in amount (Fig. 4) , in contrast with the corresponding C-I reactive mentioned above.
In the gallbladder of the guinea pig, C-IV reactive histological structures exhibited characteristic localizations throughout all the three layers and were preferentially localized in close association with a series of particular figures such as the basal surface of the lining epithelium of the mucous membrane, blood and lymph vessels and smooth muscle cells (Fig. 5) . Of these C-IV reactive histological structures, those associated with smooth muscle cells tended to be higher in intensity of reactions than the rest (Fig. 5) .
In the guinea pig gallbladder, F reactive histological structures were detected rather uniformly in all three layers (Fig. 6) , and their distribution pattern was comparable in part to that exhibited by C-IV reactive histological structures (Fig. 6 ). In addition, F reactive structures were characteristically associated with spindle-shaped connective tissue cells, which revealed variable distribution patterns throughout the three layers of the gallbladder (Fig. 6) .
Immunohistochemistry of the gallbladder in the mouse
In the gallbladder of the mouse, C-I reactive histological structures were found to be more or less similar in distribution patterns to those in the guinea pig (Fig. 7) . In the mouse, however, C-I reactive histological structures were uniform in both amount and reactivity throughout the deep lamina propria and external layer (Fig. 7) .
In the mouse gallbladder, C-III reactive histological structures were, likewise, more or less comparable in distribution patterns to those in the guinea pig gallbladder (Fig. 8) . In the mouse, however, the only difference from the corresponding findings in the guinea pig was that C-III reactive structures were most distinguished in amount and reactivity in the deep lamina propria, as campared with those in the rest of the gallbladder walls (Fig. 8) .
In the walls of the mouse gallbladder, C-IV reactive histological structures were nearly comparable in both amount and distribution pattern to those in the walls of the guinea pig gallbladder (Fig. 9) .
Throughout the three layers of the mouse gallbladder walls, F reactive histological structures were nearly similar in distribution to those in the guinea pig gallbladder (Fig. 10) .
Immunohistochemical controls
In the gallbladders of the guinea pig and mouse, none of the control tissue sections subjected to treatment with either the normal serum or buffered saline instead of the first antibodies exhibited any positive reactions for connective tissue antigens at all (Figs. 11, 12 ).
DISCUSSION
Except for a few histochemical studies on the pyroninophilia of elastic fibers in human gallbladders (19) , neutral and acidic glycoproteins and proteoglycans of connective tissue cells, fibers and matrices in mammalian gallbladders (19) , cholesterol of subepithelial connective tissues in human gallbladders (2) and IgA, IgM or IgG-containing cells in the mucous connective tissues of normal and inflamed human gallbladders (5), nearly no information has ever been reported as to the histochemistry of connective tissues involved in the mammalian gallbladders . The present results on the immunohistochemistry of connective tissue antigens in the rodent gallbladders appear, therefore to be novel and are to be interpreted with precision. In the present study, the immunohistochemical localizations and properties of C-I , C-III, C-IV and F were found to be common to the two animal species examined, except for a few minor differences between them. Such findings are believed to be evidence that the respective physiological functions of the four connective tissue antigens are largely common to both animal species, perhaps in terms of significant mechanical architectures of the gallbladders. According to a wealth of previous studies on the biochemistry and related sciences of mammalian and other species connective tissues (1, 6, 7, 12-18, 23, 24) , the four antigens examined in the present study have been recognized in terms of their fundamental properties and physiological activities. The C-I and C-III have been regarded as fibrous proteins of collagenous fibers in general and those of immature collagenous or reticular fibers respectively and as performing histophysiological functions of respective fibers, whereas C-IV has generally been known to be a collagen species of basement membrane type, which is concerned with the control of liquid permeability through the membrane (6, 14, 15) . In addition, F has been recognized as an important glycoprotein which plays important histophysiological roles such as cell and tissue adhesion and integration (1, 16, 17, 23, 24) , cell extension and motility (7) and basement membrane and fiber formations (7) and cytodifferentiation (3, 11) . As the present results reveal, C-I reactive histological structures were primarily localized in the deep lamina propria and external layer of the rodent gallbladders. Such localizations are taken to suggest that collagenous fibers provide two mechanical supporting sheets both inside and outside of the muscular layer, which are elements of active contraction and dilatation in the gallbladder. It deserves particular comment that C-III reactive histological structures were distinguished in amount in the superficial viz subepithelial lamina propria of the mucous membrane of the gallbladders. In view of the immature collagenous or reticular fiber natures of C-III (14, 15), C-III reactive histological structures in the superficiallamina propria could appropriately be presumed to represent an important structure, which is useful as a mechanical buffer against physical compressions and tensions exerted upon the mucous epithelium (22) . In the gallbladders of the two rodent species, the present immunohistochemical localizations of C-IV can well be comprehended by the concept that C-IV represents a fibrous protein involved in basement membranes in general (14, 15) . Likewise, the present immunohistochemical localizations and properties of F are consistent with certain aspects of its known histophysiological roles recorded above; F is thought to perform such histophysiological functions as cell and tissue adhesion and integration and basement membrane and fiber formations. It, furthermore, apprears probable that the overall distribution of F throughout the three layers could reflect its important role in cell and tissue adhesion and integration in the course of repeated contraction and dilatation of the walls of the gallbladder. 
